Abstract. The article presents the results of experimental and theoretical studies, the purpose of which was to substantiate the technology of drilling wells isolation using new thermoplastic composite material. The basis of the proposed material is gravel, and secondary polyethylene terephthalate acts as a binding material. The use of the proposed insulation material avoids a number of disadvantages specific for traditional grouting mortars. The technology of material application provides its melting in a well by thermomechanical drilling. The article deals with the issues, related to the substantiation of the optimal formulation of a thermoplastic composite material based on secondary polyethylene terephthalate, and the determination of rational operating parameters of thermomechanical drilling, which allow to melt effectively the material at the bottom of a well. The possibility of material application for the insulation of absorbing horizons in borehole conditions has been proved. Based on the analysis of the heat balance at the bottom of a well, the calculation procedure has been proposed and the dependences of the velocity and time of thermomechanical melting of the grouting thermoplastic composite material on the operating parameters of drilling, thermal properties and geometric characteristics of the drill bit, have been determined.
Introduction
Drilling of exploring and production wells in order to explore deposits and extract mineral resources in the area of iron ore and coal basins is conducted in a high degree of development and metamorphism, in strong and fractured rocks [1 -10] . The rocks of the developed horizons are in a highly stressed state [11 -18] , what makes the technology of mine workings constructions more complicated [19 -22] . Absorption of drilling fluids is one of the most common complications in drilling wells [23] . Elimination of this complication, leads to significant material and time costs. The main method of controlling the absorption of drilling fluids is the isolation of fractured walls of wells with the help of oil wells. Most of these materials are produced on a water basis with the introduction of mineral-binding or synthetic substances, mainly cement mortars. The effectiveness of such solutions is low due to the fact that they have a high sensitivity to dilution with water [24] . In practice, when the absorption of washing liquid is eliminated with cement mortars, tons, tens of tons of cement are used [25] .
The low efficiency of conventional well pumping technology forces researchers to look for both new materials and technologies to prevent drilling fluid losses [26 -30] . In particular, the promising direction is the use of grouting mortars based on thermoplastic materials with a low melting point, the melt of which can easily penetrate into the absorption channels of the washing liquid and harden there.
These materials are sufficiently durable waterproofing material, which have high corrosion resistance in aggressive environments. One of this kind of technologies ensuring an increase in the reliability of insulation works, improvement of working conditions and a significant reduction in material costs for the tamponing of complication zones was developed at the National Technical University [31] .
The idea of the work is to use briquetted plugging thermoplastic composite materials (TPCM) delivered to the absorption zone followed by thermomechanical melting. The resulting melt of the TPCM penetrate into the absorption channels of the washing liquid solidifies there and forms an impermeable insulation shell around the borehole of the borehole.
Therefore, for the practical implementation of this technology, it is necessary to determine the rational parameters of the thermomechanical melting process. In this article are presented the results of experimental bench and theoretical studies of the thermomechanical melting of TPCM serving as a justification for the thermomechanical technology of isolating the absorbing horizons of boreholes.
Methods of the research
Bench testings. Technological modes of the process of thermomechanical melting of the oil-filled material during the plugging of the permeable horizon with the use of TPCM, which determined by physical modeling methods in bench conditions [32 -39] .
With this purpose there are developed and invented experimental bench with the count of the similar criteries ( Fig. 1) , including the ZIF-650M drill rig with a continuously variable drive 4, the absorbing horizon model 3 and the measuring and computing complex 1, the model of the laboratory thermomechanical drill bit (Fig. 2) , which allowed for thermomechanical melting at the bottom of the well to create power from 1.7 to 5.8 kW.
Bench examinations were conducted in two stages. At the first stage, the optimal combination of the regime parameters of the board process for the various TPCM formulations was worked out. For this purpose, TPCM blocks with different component ratios were made.
At the second stage, during thermomechanical melting of TPCM under the conditions of the absorbing horizon model, it was determined that:
-melting temperature of the melt of TPCM; -penetrating ability and spreading of the melt along the channels of absorption of the washing liquid, depending on the crack opening.
TPCM is a cylindrical briquette (Fig. 3 ), consisting of a solidified mixture of gravel and secondary crystalline polyethylene terephthalate (PET).
Theoretical studies of the process of thermomechanical melting of TPCM were carried out using mathematical modeling methods.
In a result of bench studies, optimal combinations of the mode parameters of the thermomechanical melting technology of TPCM have been determined, that ensure the contact heating and melting of the oil well with minimal time and high drilling rates. As a conclusion of the research, it follows that: -the rate of thermomechanical melting, regardless of the binder to filler ratio, as well as the TPCM formula for the regime parameters, is of the same order of magnitude (Table 1) :
-at a ratio of PET to gravel of 1:1, the rate of thermomechanical drilling (melting) varies from 0.4 to 0.9 m/h; -at a ratio of PET to gravel of 1:2, the rate of thermomechanical drilling (melting) varies from 0.4 to 0.7 m/h; -at a ratio of PET to gravel of 1:3, the thermomechanical drilling speed (melting) varies from 0.8 to 1.7 m/h; -at a ratio of PET to gravel of 1:4, the rate of thermomechanical drilling (melting) varies from 0.3 to 0.7 m/h; -when TPCM is melting, the temperature of its heating did not exceed the critical value (3000С) at which the astringent is destructed;
-the time of heating of the TPCM to its melting point depends on the TPCM formulation; -the temperature rise in the sample of TPCM to the melting temperature takes place in the contact zone of the tool working part. The results of bench modeling have shown the possibility of obtaining a monolithic plugging stone, the appearance of which is shown in Fig. 4 .
Taking into account the results of bench studies of the thermomechanical drilling speed (melting) of TPCM, TPCM with a component ratio of 1:1 is recommended for use in (Fig. 5) . The heat flow is generated at the contact line of the friction plate 3 and the surface of the TPCM briquette during the operation of the thermomechanical drill bit 2. The generating heat flow is distributed to the body of the TPCM briquette due to thermal conductivity. Under the influence of thermal energy -TPCM heats up. After the temperature of the contact surface has reached the value of the phase transition (melting point) -the material begins to melt. The molten part of the material is crushed into the porous walls of the well 1, due to the pressure created by the drill bit.
To determine the rate of thermomechanical drilling (melting), the heat balance equation is used in the form:
,
where q heat going to the melting of the surface layer of the material with a thickness of d ξ for a time d τ , q λ is the heat flow, going to the heating of the inner layers of the material, determined by the Fourier law. The heat flow melt q is given by:
where L is the latent heat of fusion of TPCM. The speed of thermomechanical drilling is defined as
The heat flow on the working surface is determined from:
where μ is the coefficient of friction; m k is the coefficient taking into account the fraction of the heat of friction going to the heating and melting of the TPCM; F is the axial load; D is the diameter of the friction surface; S is the friction surface area; n is the drill bit rotation speed.
The solution of the non-stationary problem for determining the surface temperature of an isotropic semi-infinite body when heated by a heat flux is presented in [40] . Using this solution and (3) it is easy to obtain an expression that establishes a relationship between the process parameters of the process and the parameters of the thermophysical processes during tool operation:
where f τ is the surface heating time to the melting point; f t the melting temperature of the TPCM; a is the coefficient of thermal diffusivity of the TPCM. Since the temperature on the surface after the beginning and throughout the melting process is constant and equal to f t . In this case, the temperature field in a semi-infinite body is described by the expression [41 -43] :
where 0 f t is the temperature field, which was formed in the workpiece at the beginning of the melting process. We note that the entrainment of the mass of the melt from the contact surface leads to a restructuring of the temperature field at each instant of time, and expression (5) can not be used for a rigorous investigation of thermal processes in thermomechanical melting. Therefore, further reasoning will be approximate. Using (5) we can determine:
After all, from equation (1), taking into account (4), (6) we obtain:
Therefore the drilling speed is expressed by:
For the practical use (8) , it is necessary to know the temperature 0 f t , which is the function of the coordinate. Suppose that the temperature in the bulk of the thermoplastic material at the beginning of the melting process is slightly different from the initial temperature 0 0 f t t ≈ . This assumption is based on the fact that the heating time f τ , as a rule, is one order of magnitude shorter than the time of thermomechanical drilling, the thermal conductivity coefficient of TPCM is a small value. In this case, formula (8) can be written in the form:
Determining f τ through the regime parameters of drilling using (4), we obtain:
The average speed of thermomechanical drilling during the time T is defined as:
where ( ) V τ it is defined by the expression (10).
After integrating (10) with the range in time from 0 to T , taking into account the condition ξ = 0 for τ = 0, we obtain the expression for drilling depth for the period :
( 1 2 ) The results of calculating the depth of drilling are shown in Fig. 6 and the rate of thermomechanical melting of TPCM in the form of the nomogram in Fig. 7 , for a thermomechanical drill bit with a diameter of 59 mm. Taking into account the thermophysical characteristics of the TPCM and the drill bit, the rate of thermomechanical melting of TPCM and the regularity of the temperature propagation in the TPCM are determined, as well as the regime parameters of the thermomechanical technology for eliminating the absorption of the washing liquid.
Conclusions
The possibility of using TPCM as a plugging material for drilling wells has been proved.
As a result of experimental studies and numerical calculations, it is shown, that the rate of thermomechanical melting of TPCM depends on the ratio of the constituent components.
For application in undergroud conditions, TPCM with a component ratio of 1:1 is recommended, in combination with an axial load of at least 700 daN with a drill bit rotation speed of 700 min -1 . Approximate analytical relationships are obtained for calculating the rate of thermomechanical melting of the TPCM at the bottom, depending on the operating parameters of the drilling, the geometry of the drill bit, and the thermophysical properties of the material.
